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doubling as a convenient benchmark. In any event, the range of effects
between present concentrations and a doubling covers no significant thresh-
olds, and our conclusions are not critically dependent on the detailed time
evolution of CO2 concentrations.

It should be said at the outset that the problem of understanding the
climate's response to a given scenario of CO2 change in the atmosphere is
hardly distinguishable from the fundamental problem of understanding the
natural variation and change of climate. For this reason, what is currently
understood about the C02 question is largely the result of progressive
developments in climate modeling over the past quarter century. Climate
models remain the most powerful means for dealing consistently and
quantitatively with the complex system of highly interactive processes that
determine climate. Further progress in sharpening our insights and estimates
on the C02 question, therefore, will continue to depend greatly on our ability
to construct more faithful climate models. However, in this report we do not
attempt to undertake a comprehensive review of the climate modeling problem
itself, that is, such factors as the representation of the planetary boundary
layer, the development of more accurate methods for computing radiative
transfer, or an accounting for the influence of topographic features on the
general circulation and regional climate. Nor do we attempt to catalog existing
climate models and their relative performance. Such reviews are to be found
elsewhere (e.g., Joint Organizing Committee, 1975, 1979). Our emphasis
here is on those modeling problems that we perceive now most specifically
to impede our ability to make sounder and more precise judgments on the
likely response of the real climate to a given rate of CO2 increase. We
emphasize radiatively connected processes because of the controversy in
recent literature, and we specifically discuss a few papers that suggest a
lower climate sensitivity.

Quite clearly, the role of the oceans and the cryosphere seems paramount
in influencing the nature of the climatic response, particularly in its evolu-
tionary qualities.

The possible interactive role that clouds may play in a shifting climate
regime remains one of the unresolved mysteries. The question is how the
cloud field would vary in concert with other changes induced by CO2 and
thus alter the radiative transfer in the atmosphere. It is not yet even clear
whether systematic cloud changes will provide a net amplification or an
attenuation of the climate's sensitivity. Also in connection with the radiation
field are the interactive effects of other trace gases and aerosols. Some new
results indicate that, at least for the present, they cannot be ignored in
addressing the C02 question.

Simplified climate models, which approximate only grossly horizontal
transport processes, have become a popular tool for CO2 analysis. We